Introduction
Nowadays, about 10.000 dyes and pigments have been used in textile dyeing processes. From among these, cationic dyes, commonly known as basic dyes are widely used in several types of textile such as acrylic, nylon, silk, and wool. In these processes, a high amount of effluents is produced which contain about 10-15% of the dye. The direct discharge of textile wastewater into the water resources pollutes the water these techniques have a lot of disadvantages besides advantages. For instance, hydraulic retention time of biological treatments is high, and they are often ineffective for removing due to high toxicity of dyes (Belkacem et al. 2008 , Greaves et al. 1999 . Membrane filtration provides treatment of dyes with high molecular mass, but dyes with low molecular mass can pass through the membranes, resulting in a considerable cost (Vandevivere et al. 1998 , Zahrim et al. 2011 . Chemical coagulation leads to the production of large amounts of sludge and undesired reactions during the process (Verma et al. 2012) . Chemical degradation by oxidative agents such as chlorine produces very toxic products such as organochlorine compounds (Vandevivere et al. 1998 , Bhaskar Raju et al. 2009 , Alaton et al. 2002 , Szpyrkowicz et al. 2001 . Advanced oxidation processes such as photocatalysis, ozonation, UV, Fenton reactive, and ultrasonic oxidation are not preferred because of the high process cost. These techniques usually require additional chemicals, producing a huge volume of sludge and/or secondary pollution. Hence, there is interest in developing cost-effective and eco-friendly alternatives for treatment of effluent from dyeing operations. Adsorption is considered to be most effective and proven technology for the wastewater treatment (Raffiea Baseri et al. 2012 ). Various adsorbents have been used to remove different types of pollutants from wastewaters, especially which are not easily biodegradable. However, difficulty of separation from the wastewater after use, the regeneration problems, and high cost of adsorbent are major concerns associated with adsorbent. For instance, the activated carbon process is expensive on account of limitations in the regeneration process and the high cost of waste disposal (Vandevivere et al. 1998 , Malamis et al. 2011 . Thus, there has been growing interest in finding inexpensive and effective alternative to replace the costly adsorbents. Attention has focused on natural clay with low cost. Clay minerals are described as layer-type aluminosilicates that are formed as products of chemical weathering of other silicate minerals at the earth's surface. Clays and clay minerals have been in use as raw materials such as agricultural applications, in engineering and construction applications, in environmental remediation, in geology, pharmaceuticals, food processing, and many other industrial applications (Ismadji et al. 2015) . Due to the high surface area and exchange capacities, natural clays such as Talc and Chrysotile have been used frequently in wastewater treatment.
Talc which has Mg 3 Si 4 O 10 (OH) 2 chemical formula and foliated, granular, or fibrous shapes, is a layered magnesium silicate mineral. The talc elementary sheet is composed of octahedral magnesium hydroxide structures. The components in sheets are linked by ionic and covalent bonds (Sprynskyy et al. 2011) . Until now, Talc have been used widely in treatment of pollutants such as carboxymethyl cellulose (Khraisheh et al. 2005) , uranium (Sprynskyy et al. 2011) , polysaccharide ( Jenkins and Ralston 1998) , lead and cadmium (Huang and Fuerstenau 2001) . On the other hand, Chrysotile, Mg 3 Si 2 O 5 (OH) 4 , is composed of sheets of tetrahedral silica in a pseudo-hexagonal network joined to sheets of octahedral co-ordinated magnesium (Yu et al. 2015) . Due to their advantages, Chrysotile have been intensively studied in the field of wastewater treatment such as adsorption of sodium dodecylsulfate (Valentim and Joekes 2006) , Cu(II) (Liu et al. 2013) , Pb(II), Cd (II) and Cr(III) (Yu et al. 2015) .
In this study, the removal of Astrozon Blue FGRL (basic dye) was studied with two natural clays (Talc and Chrysotile) which obtained from Sivas City, Turkey. The effect of the variables such as initial pH (pHi), initial dye concentration (C 0 ), sorbent dosage (ms), temperature and contact time (tc) on the adsorption were examined by using a batch method. Several kinetic mechanisms; pseudo first order, pseudo second order and intraparticle diffusion models were applied on data. In addition, SEM, XRD and FTIR were used to characterize the raw and used clays.
Material and methods

Adsorbents and Dye
Depending on the academic source, there are four main groups of clays: kaolinite, montmorillonite-smectite, illite and chlorite. Talc and Chrysotile are classified in group of smectite and kaolinite, respectively (Bello et al. 2013) . In this study, natural Talc and Chrysotile were obtained from Sivas, Turkey and used as adsorbents.
Astrazon Blue FGRL was obtained from Dystar and used for the batch adsorption runs. This dye is a mixture of C.I. Basic Blue 159 and C.I. Basic Blue 3 and the ratio of the two dyes is 5:1 (w/w), respectively. The structures of these two dyes are displayed in Figure 1 . AB-FGRL is mainly used as acrylic dyeing in the industry (Karagozoglu et al. 2007 ).
The Experimental Set-up and Procedure
50 ml of synthetic solutions with different dye concentrations were prepared from stock solution of 1000 mg/L. Then, the pH of the sample was adjusted with 1.0 M H 2 SO 4 or 1.0 M NaOH and measured by a pH meter (WTW Inolab pH 440 720). Batch adsorption tests were carried out in a NUVE ST-402 model shaker at 240 rpm in order to investigate the adsorption of basic dye onto clays. Samples were filtered at the end of the contact time and remaining dye concentration was analyzed by UV-Vis spectrophotometer at 495 nm (Perkin-Elmer 550 SE). Adsorption efficiency (E, %) has been calculated according to the following formula:
where C 0 and C e are initial and remaining dye concentrations (mg/L), respectively. JEOL 6.060 type scanning electron microscopy (SEM) was used to obtain SEM images. Crystal phases of the precipitates were characterized using a XRD diffractometer (Rigaku 2000 D/max with CuKa -radiation, λ = 0.154 nm at 40 kV and 40mA). Fourier transform infrared (FTIR) spectrum of the clays was recorded in the range 4000-650 cm -1 on a Bio Rad FTS 175 C spectrophotometer.
Adsorption Kinetics
The adsorption capacity of adsorbents (mg/g) was calculated using the following relationship:
The adsorption capacity of adsorbents, q m
where m is the mass of clay (g), V (l) is the volume of wastewater. The study of adsorption kinetics describes the solute uptake rate and evidently this rate controls the residence time of adsorbate uptake at the solid-solution interface. The adsorption rate constants for the dye removal were calculated by using pseudo-first order, second-order and intraparticle diffusion kinetic models (Karagozoglu et al. 2007 ) which were used to describe the mechanism of the adsorption. The relationships between the experimental data and the model-predicted values were expressed by the correlation coefficients (R 2 ). A relatively high R 2 value indicates that the model successfully describes the kinetics of the adsorption.
The Pseudo-First-Order Equation
A pseudo-first-order equation can be expressed in a linear form as;
where q e and q t are the amount of dye (mg/g) on the adsorbents at the equilibrium and at time t, respectively, and k 1 is the rate constant of adsorption (min -1 ). Values of k 1 were calculated from the plots of log(q e -q t ) versus t.
The Pseudo-Second-Order Equation
The pseudo-second-order adsorption kinetic rate equation is expressed as;
where k 2 is the rate constant of pseudo-second-order adsorption (g/mg min). By integrating and applying the initial conditions, we have a linear form as;
where q e is the amount of dye at equilibrium (mg/g). The second-order rate constants were used to calculate the initial sorption rate, h k qe
Values of k 2 and q e were calculated using the intercept and the slope of the linear plots of t qt versus t.
Intraparticle Diffusion
The rate constant for intraparticle diffusion (k id ) is calculated using following equation:
where q is the amount of dye (mg/g) at time (t), k id (mg/g min 1/2 ) is the rate constant for intraparticle diffusion and C i is the thickness of the boundary layer. The values of k 3 were calculated from the slope of the linear plots of q versus t 1/2 (Kannan and Sundaram 2001, Rafiq et al. 2014) . 
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On the other hand, the values of rate constants were obtained from three kinetic models. R 2 and q values for the AB-FGRL were given in Tables 1-2. In tables 1-2, the linear correlation values (R 2 ) close to 1 showed that the model was statistically significant and indicated the applicability of these kinetic equations. The R 2 values for the pseudo-first order and the intraparticle diffusion model were varying at a high range and lower than that of pseudosecond order. All R 2 values for pseudo-second order were obtained as >0.9960. The pseudo-second order model fitted well and suggested chemical sorption as the rate-limiting step of the adsorption mechanism and no involvement of a mass transfer in solution (Gengec 2015) .
Effect of Initial Ab-FGRL Concentration
It is well known that the dye removal efficiencies and adsorption capacities are dependent on the concentration of the dye (Karagozoglu et al. 2007 ). Thus, the effects of initial dye concentrations on the rate of adsorption were studied in this study (Figure 3) . The increased initial dye concentration from 200 to 400 mg/L caused an increase in the adsorbed dye amount from 99.8 to 197.0 mg/g for Talc and from 98.3 to 162.44 mg/g for Chrysotile. Moreover, the initial rate of adsorption was greater for higher initial dye concentration. This phenomena can be explained as the increased mass driving force is decreased the resistance to the dye uptake (Karagozoglu et al. 2007 ).
Adsorption Isotherms
The adsorption capacities of clays were analyzed with Langmuir and Freundlich isotherms which are well-known adsorption models. The Langmuir and Freundlich isotherm are expressed as the following Eqns (7 and 8), respectively. 
where q e represents the mass of adsorbed dye per unit clay (mg/g), V m is the monolayer capacity, k is the equilibrium constant and C e is the equilibrium concentration of the solution (mg/L). k and V m is determined from the plot of q C e e against C e . K f (mmol/g) and n 1 are Freundlich isotherm constants and the plot of log q e against log C e shows data for adsorption of dye onto clay is fitting well to the Freundlich isotherm (Alyüz and Veli 2009 ).
Results and Discussion
Adsorption Isotherm
In this study, the effect of initial pH, initial dye concentration, sorbent dosage, contact time and temperature on adsorption rate and removal efficiencies were evaluated. In adsorption study, adsorption isotherm equations; Langmuir and Freundlich were applied. The adsorption isotherm data of AB-FGRL could not be described by isotherm equations of Langmuir and Freundlich. Plots of C e /q e vs. C e and log q e vs. log C e were not line. The fitness between experimental data and theoretical models was not good (R 2 < 0.93). This result is similar to that of Yang et al (Sun and Yang 2003) .
Effect of Initial pH
pH is one of the most important parameters that affect the interaction between the adsorbent and adsorbate. It had been proven that the adsorption system depended on the degree of ionization of the dye solution and the dissociation of functional groups on the active sites of the adsorbent which varied at different pH.
To search for the optimal pH, the adsorptions of AB-FGRL were realized at various pH (3, 5, 7). There were no attempts to examine the adsorption at basic conditions (pH > 7) as the dyes could not be dissolved completely (Pimol et al. 2008) . As seen in Figure 2 , adsorption capacities were increased with the increased pH values and the effect of pH was significant. The adsorption capacity changed from 58.0 to 103.2 mg/g for Chrysotile and 53.6 to 103.4 mg/g for Talc pseudo second order kinetic model for both of natural clays in terms of higher correlation coefficients (R 2 >0.9960) and the dye adsorption process appeared to be controlled by the chemical process.
Effect of Temperature
The temperature is another driving force in adsorption of basic dye. As seen in Figure 5 , while temperature was increased, the removal efficiencies and the adsorption capacity increased. This phenomenon was very clear for Chrysotile. Probably, adsorption increased with further increasing of the temperature due to the increased surface activity. The increased temperature was proved the quick removal of basic dye. The higher removal efficiencies than 92% were obtained at 1020., 180., and 120. min by Chrysotile and 60., 35. and 30. min . by Talc at 313, 323, and 333 ºK, respectively.
As mentioned before, Astrazon Blue FGRL (basic dye) is water -soluble cationic dyes. The pseudo-second order model fitted well with experimental results and suggested chemical sorption. The adsorption of Astrazon Blue FGRL on surface of Talc and Chrysotile probably depends on interaction between positive charges of dyes and negative charges of natural clays. Briefly, the adsorption mechanism of basic dyes on Talc and Chrysotile depend on three critical steps:
• Migration of basic dyes on the surface of the clays • Diffusion of basic dye to the boundary layer of the clays • Chemical sorption of the dyes by the interaction between Eqs. (2)- (6) were applied to the experimental data for the adsorption of the AB-FGRL onto Talc and Chrysotile. It was clear from the data; the adsorption of the dye onto the adsorbents follows the pseudo second order model. The agreement between the experimental and predicted curves is extremely good. Hence, the concentration of the basic dye in the solution had a strong influence on the pseudo second order kinetics. This model also assumes the rate limiting step may be the adsorption in agreement with chemical adsorption being the rate controlling step, which may involve valence forces through sharing or exchange of electrons between dye and adsorbent (Karagozoglu et al. 2007 ).
Effect of Adsorbent Dose
The adsorbent dose was varied from 1 to 4 g/L for observing the effect of dose on removal efficiencies and adsorption capacity of clays, when the other factors were held constant. The results showed that an enhancement in adsorption was obtained with the increase in dose of the adsorbent ( Figure  4) . The results showed that Talc had a higher potential than Chrysotile for removing of basic dyes. The removal efficiencies from 56.53% to 99.71% were obtained by increased amount of Chrysotile from 1 g/L to 4 g/L during 1020 min. On the other hand, the high removal efficiencies (>94 %) were obtained at 1020, 780 and 360 min. for 1 g/L, 3 g/L and 4 g/L of Talc., respectively. The highest adsorbent dose of Talc, the lowest contact time.
Three kinetic models (pseudo -first, -second and intraparticle diffusion) were applied to the results of adsorbent dose (Tables 1-2 ). The data showed well agreement with the 
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444 polar functional groups on the sorbent surface and dyes (Karagozoglu et al. 2007; Ho and McKay 1998; Doğan et al. 2004) Consequently, the investigation of the basic dye (Astrazon Blue FGRL) adsorption from aqueous solutions at various dye concentrations, initial pH, adsorbent doses and temperatures by Talc and Chrysotile showed that these two natural clays had favorably capacities for removal of basic dyes. One of the higher adsorption capacities for Astrazon Blue in literature was obtained by Talc (Table 3) .
Morphology and Characterization
Talc is a layered magnesium silicate mineral with the chemical formula Mg 3 Si 4 O 10 (OH) 2 . The talc elementary sheet is composed of octahedral magnesium hydroxide structures sandwiched between sheets of silicon-oxygen (Ongen et al. 2012 , Sprynskyy et al. 2011 , Valentim and Joekes 2006 . It was clear that the clays displayed a number of absorption peaks, reflecting the complex nature of the adsorbent.
It was clear from the spectra of raw and used clay (Figure 7b) , new peaks such as 1165 cm −1 (C-N stretch), 1260 cm −1 (Si-C stretch) and 1530 cm −1 (NH deformation) were formed.
tetrahedral in which the components are linked by ionic and covalent bonds (Sprynskyy et al. 2011) . The mineral structure of talc showed the presence of talc, dolomite and quartz ( Figure 6 ).
On the other hand, Chrysotile is a fibrous hydrated magnesium silicate (Mg 3 Si 2 O 5 (OH)4) consisting of octahedral sheets of brucite (Mg(OH) 2 ) covalently bonded to tetrahedral sheets of tridymite (SiO 4 ) (Valentim and Joekes 2006) and the mineral structure of chrysotile showed the presence of hrysotile, calcite and quartz ( Figure 6 ).
The FTIR spectra demonstrated the characteristic bands at 3675, 1572, 1536, 1425, 1270, 1165, 1012, 880, 800, 775, 725 , and 670 cm -1 for Talc and 3685, 3654, 1042, and 944 for Chrysotile ( Figure 7A) . The bands at 3685 cm −1 , 3675 
Conclusions
The removals of the basic dye by Talc and Chrysotile were studied and the results showed that adsorption capacities were dependent on the initial dye concentration, pH, contact time, temperature and sorbent dosage. As a briefly, the increase in the initial dye concentration, pH, contact time, temperature and sorbent dosage increased the amount of the basic dye adsorbed on the adsorbents. A comparison of kinetic models on the overall adsorption rate showed that dye/adsorbent system was best described by the pseudo second order rate model. Equations were developed using the pseudo-second-order model that accurately predict the amount of the basic dye adsorbed at any contact time, initial dye concentration, initial dye concentration and adsorbent dose within the given range. The experimental results showed that these two natural clays have an important potential as an adsorbent in the removal of the basic dyes. They are cheap, naturally abundant and locally available adsorbents. .
These new peaks in the spectrum indicated the possible involvement of those functional groups on the surface of the clays in sorption process (Hameed et al. 2008) .
In this study, a scanning electron microscope (SEM) was used to characterize the surface of the Talc and Chrysotile at a very high magnification and an accelerating voltage of 15 kV. Samples were coated with gold using a sputter coater with conductive materials to improve the quality of the micrograph. The morphology of Talc and Chrysotile was illustrated in Figure 8 (A and C) showed the SEM image of raw Chrysotile and Talc with a magnification of 10.000.
For comparison, the SEM image of Chrysotile after the adsorption of basic dye were recorded ( Figure 8B, D) . The results displayed that the chrysotile had typical nano-fibrous morphology which had a cylindrical shape with a length of about 500 nm and Talc had a foliated structure. It is clear from SEM image that the hollows in Talc and Chrysotile were fulfilled during sorption process. 
